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3STRACT  (Continum  im  rmv»t»»  aldm  U n«c*9««ry  ansf  by  Mock  nuinb«r> 

‘A  Pilot  Study  on  Load  Corrying  Toot  Mothodology  was  conduetad  In  1973  by  lha  US  Army  Tropk  Tan  Canttr  In  dm 
Panama  Canal  Zona  to  dotarmlna  aamplo  aim  noadad  in  futuio  tans  loqulring  a iungla  patrol,  and  to  daiarmlM  tha  utUlty  ot  two 
human  portormanoa  dosramaitt  nwaauramtntt.  Combat  troopa  oarriod  taadt  from  26  to  BS  pounda  o«or  a 44iUo<MMr  {ungla 
portability  couna  simulating  combat  activity.  In  ganatal,  lima  to  perform  actlvltjoc  tondod  to  incraaaa  with  inenmod  load. 
Sampla  titaa  of  12  groupa  of  ihrtt  individuab,  or  16  groupa  of  two  Individuala,  wore  datsrmlnad  as  luffldgnt  for  futurs  normatiso 
data  collaclion  studiat  within  the  26-  to  S&pound  load  range.  A land  navigation  tan  damonatratad  potantial  inafulntsa  aa  a 
parformanea  dacramant  maaaura,  if  ravisad  to  tiiminata  maaturamam  pioWams  ancounwrad  to  tha  pilot  tan.  An  arm-hand 
naadinaat  tost  pnwidad  procadural  guidalinat  for  astahtishing  psychomotor  tests  sa  a part  of  lha  portability  eourw. 
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SUMMARY 


A Pilot  Study  on  i.tjad  Carrying  Test  Methodology  was  conducted  in  1973  by  the 
US  Army  Tropic  Test  Center  in  the  Panama  Canal  Zone  to  determine  sample  sizes  needed 
in  future  tests  requiring  a jungle  patrol,  and  to  determine  the  utility  of  two  human 
performance  decrement  measurements.  Combat  troops  carried  loads  from  25  to  55 
pounds  over  a 4-kilometer  jungle  portability  course  simulating  combat  activity.  In  general, 
time  to  perform  activities  tended  to  increase  with  increased  load.  Sample  sizes  of  12 
groups  of  three  individuals,  or  IG  groups  of  two  individuals,  were  determined  as  sufficient 
for  future  normative  data  collection  studies  within  the  25-  to  55-pound  load  range.  A 
land  navigation  test  demtmstrated  potential  usefulness  as  a performance  decrement 
measure,  if  revised  to  eliminate  measurement  problems  encountered  in  the  pilot  test.  An 
arm  hand  steadiness  test  provided  procedural  guidelines  for  establishing  psychomotor  tests 
as  a part  of  the  portability  course. 
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DETAILS  OF  INVESTIGATION 


I.  BRIKF  OF  RESULTS  AND  CONCLUSIONS 

• In  this  sinali-saniplc  pilot  test,  loads  of  1!5,  35.  45,  and  55  pounds  wort  carried 
over  a stand. ird  4-kilometer  mun-paek  portability  course  in  the  jungle.  Combat  soldiers’ 
time  to  perlorm  events  (bjrced  march,  uphill  run,  double  timinf",  normal  walking,  and 
total  course  time)  generally  increased  under  increasing  Itjad.  The  patrols  lasted  about  2 
hours.  .Sample  sizes  required  to  achieve  statistical  si)>nificance  amon^  load-carryinj>  ^rtjups 
in  luture  studies  were  calculated  from  data  of  the  pilot  test.  Conclusions  from  the  data 
were  that  a minimum  of  12  groups  ol  three  individuals  each,  or  16  groups  of  two 
individuals  each,  would  be  neetled  lor  each  load-carrying  level  to  produce  definitive  dat;i 
lor  st.itistical  inference. 

• Perlormance  decrenicnt.  measuretl  by  obtaining  hand  steadiness  and  land 
navigation  scores  betore  and  after  the  soldiers  traversed  the  jungle  course,  revealetl 
measurement  problems  to  be  correctetl  before  subsequent  studies  are  begun.  'I'he  two 
perlormance  decrement  tests  will  be  mttved  into  the  jungle  as  a part  of  the  portability 
course.  The  mttves  are  expected  to  increase  reliability  by  increasing  sensitivity  of  the 
measures  to  rigors  of  <-ombat  associated  activity.  The  land  navigation  test  will  be 
increased  in  difficulty  to  differentiate  among  soldiers  whet  are  more  proficient  at  using  a 
compass;  procedures  will  be  revised  to  increase  reliability  by  eliminating  measurement 
errors  caused  by  subicct-scorei  interaction. 

• Trends  in  the  pilot-test  data  indicated  that  load  test  increments  should  not  be  less 
than  10  pounds,  and  should  extend  above  55  pounds  to  reach  points  at  which  loads 
significantly  affect  performance  for  short  patrols. 


II.  INTRODUCTION 


A >cvi(.\v  (>r  Army  literature  containing  information  on  man-packed  Army  equipment 
inditaied  that  weight  is  a main  source  of  variance  in  combat  performance  and  that  the 
I oMligur.itions  of  items  together  with  provisions  for  carrying  them  may  produce 
^ignili^il^t  secondary  effects.  The  literature  contained  specific  suggestions  for  the  design 
ol  m.in-packerl  items  and  the  manner  in  which  they  should  be  carried.*’*  These  studies 
louiul  iliai  a man-packed  item  should  be  carried  on  the  low-back  or  hips,  be  distributed 
in  a balanced  fashion  about  the  center  of  gravity  of  the  body,  allow  maintenance  of 
normal  posture  anrl  Iree  gait,  allow  chest  freedom,  and  have  minimum  bounce. 

Current  combat  loads  within  an  infantry  company  arc  reported  as  61  pounds  for  the 
tilleman,  7;5  pounds  for  a 90mm  gunner,  89  pounds  for  a fire  direction  computer,  96 
pounds  Ibr  an  ammunition  bearer  (four  mortar  rounds)  and  up  to  125  pounds  for  a radio 
telephone  operator  (carrying  RC  292  antenna).^  In  a test  of  the  Davy  Crockett  Weapons 
.System  (DCWS),  trained  crews  in  good  physical  condition  walked  over  cross-country 
terrain  iti  a temperate  environment  for  2 miles  carrying  individual  and  extremely 
awkward  components  weighing  up  to  105  p'lunds,  and  still  maintained  their  capability  to 
.issemble  the  weapon.' 

A previous  USATIC  report  described  methods  for  testing  the  portability  of 
equipment  that  must  be  carried  man-packed  or  worn  in  the  jungle.^  The  study  indicated 
a significant  decrement  in  march  rate  in  the  wet  season  compared  with  the  march  rate  in 
the  dry  season.  A load  of  25  pounds  of  typical  combat  equipment  was  carried  over  a 
4-kilometer  jungle  portability  course.  Detailed  standard  operating  procedures  were 
established  for  the  .est  course,  providing  tentative  normative  data  for  the  typical  load. 


1 McGinnii  J M J.  T.  Tambe,  and  R.  F.  Goldman.  Back  Packing  the  Davy  Crockett  Weapon  System;  Effect  of 
Carrying  Very  Heavy  Loads,  Technical  Reporr  F.PT-1.  US  Army  Natick  Laboralorie.,  Natick,  MA,  March  1965. 

2 Kolnicker.  N.,  and  M.  N.  Tolcotl,  A Survey  of  the  Effects  of  Load-Carrying  and  Equipment  Destgn  upon  Tasks 
Performed  by  the  Combat  Infantryman,  Dunlop  and  Asaociates,  Inc.,  Stamford,  CT,  for  the  Army  Research  Of  ice, 

November  1962.  _ x— 

i Kennedy,  S.  J.,  R.  G.  Goldman,  and  J.  Slauton,  The  Carrying  of  Loads  withm  an  Infantry  Company,  Technic 

Report  7J-5I-CE,  US  Army  Natick  Laboratories,  Natick,  MA,  May  197S. 

* Williamson,  R.  L.,  and  C.  M.  Kindick,  Humdn  Performance  in  the  Tropics  f:  Man-packing  a Standard  Load  Over  a 
■Dfpical  Jungle  Course  in  the  Wet  and  Dry  Seasons,  USATTC  Technical  Report  No.  7409002,  September  1974. 

’ Test  Operations  Procedure  (TOP)  l-S-550,  Man-pack  Portability  Testing  in  the  Tropics.  US  Army  Test  and  Evaluation 
Command  (Draft),  January  1973. 
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ni.  BACKGROUND 


A.  PROBLKM 

Nurma'ivc  diUa  arc  iicctled  lor  a wide  range  of  items  to  help  identify  portability 
problems  beyond  the  sheer  weight  of  a test  item- that  is  problems  due  to  configuration, 
stability,  snagging  on  vegetation,  interferenee  with  equipment  carried,  and  personal 
discomfort  caused  by  the  uisi''ibution  f,i  the  load  and  chafing  from  straps  or  handles. 

I.iicrature  on  portability  has  pointed  out  the  need  for  more  controlled  studies  of 
soldier  performance  as  '’unction  of  equipment  design  in  general,  and  studies  of  the  effects 
of  prior  load-carrying  on  marksmanship  in  particular.*  A major  deficiency  in  the  literature 
was  .1  lack  of  information  on  carrying  a variety  of  items  in  the  tropics.  Most  load-carrying 
data  were  nased  on  relatively  benign  climates  and  terrains,  or  on  chamber  tests  that  did  not 
necessarily  rencct  interactions  produced  by  numerous  natural  variables.* 

B.  OBJECTIVES 

The  objectives  of  this  pilot  study  were  directed  toward  answering  basic  questions 
before  engaging  in  a larger  normative  data  development  program. 

• Estimate  the  sample  size  needed  to  obtain  statistically  significant  differences 
(a  = .05)  in  timed  performance  scores  on  the  portability  course  (forced  march,  uphill  run. 
double-time,  normal  walk,  total  time)  atr.ong  groups  of  subjects  carrying  different  loads. 

♦ Determine  the  potential  usefulness  of  an  arm-hand  steadiness  lest  and  a land 
navigation  test  as  methods  for  objectively  measuring  human  performance  decrements 
resulting  from  traversing  the  course  under  various  loads. 

C.  DESCRIPTION  OF  MEASUREMENT  SYSTEMS 


1.  Man-pack  Portability  Course  (MPPC).  The  MPPC,  located  in  Gamboa  A-1  Area  of 
the  Canal  Zone,  is  a 4-kilomcier  natural  obstacle  coarse  laid  out  in  dense  jungle  over 
rugged  terrain,  typical  of  numcr  'us  tropic  areas  throughout  the  world.  Signs  point  the 
w'ay  through  the  jungle  indicating  ihe  beginnings  and  ends  of  timed  performance  events 
on  the  course.  The  course  is  used  to  evaluate  portability  of  equipment  under  test  for 
tropic  suitability.  Figure  1 is  a ske'ch  of  the  MPPC  superimposed  on  an  aerial  photograph 
of  the  course.  Figure  2 shows  a soldier  on  the  course.  Standard  methods  for  using  the 
MPPC  course  have  been  developed  to  assure  comparability  of  MPPC  test  methods  and 
results.® 

2.  Load-Carrying  System.  Typical  combat  equipment  used  in  the  tropics  is  shown  in 
figure  3.  The  25  pounds  of  equipment  were  used  in  previous  studies^  as  a standard  load. 
The  method  of  carrying  extra  weight  for  experimental  purposes  was  designed  to  be 
compatible  with  this  standard  load  carrying  equipment. 

* Dobbins,  D.  A.,  and  G,  F.  Downs  Hi,  L'iboidtory  versus  Field  Tests:  .-I  Limited  Survey  of  Materials  Deterioration 
Studies,  tJSATTC  Report  No.  7307002,  July  1975. 
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Figure  1.  Sketch  of  Man-pack  Portability  Course. 


Figure  2.  Soldier  Traversing  Man-pack  Portability  Course. 

In  <ir<U-r  to  keep  the  cxira  lest  load  to  a mii.imum  si/.f,  it  was  decided  to  use  lead 
wei'^lits.  1 he  pisUil  belt  was  t hosen  as  a convenient  mailt  loail- bearing  apparatus  because 
it  lunrurnieii  with  the  principles  ol  carriage  on  the  li  Av-back  or  hips,  could  be  used  to 
dislnlnile  weight  evenly,  and  exerteti  im  restrictitms  rm  normal  posture,  tree  gait,  or  rhest 
nxjvenient.  Thus,  the  suuly  atiempteu  to  concentrate  on  the  elfect  ot  weight  alone -ni>t 
coiitiuindeil  by  seeoitdiiry  elfects  such  as  configuration.  The  pack  and  amiTiunition 
pouches,  which  were  empty  in  previous  studies  except  for  a poncho  and  a paii  tjf  socks 
in  the  pack,  provided  a means  of  holding  the  extra  load  to  the  bell  in  an  evenly 
distributed  manner.  The  pack  and  ammunition  pouches  also  had  the  adv.antage  of  small 
straps  fixed  to  suspenders  to  minimi/.c  bounce  when  running  and  jumping, 

’I'he  increment  of  extra  load  chosen  fo  the  pilot  test  was  10  pounds.  In  order  to 
distribute  the  load  eveniy  over  the  three  points  of  atiuchment  to  the  pistol  belt,  lead  was 
moldetl  into  1/3 -pound  units  to  fit  inside  the  dimensions  of  the  ammunition  [xjuches; 
each  lead  unit  was  approximately  3 1/2  inches  x 2 5/16  inches  x 1 1/I6  inches.  A foam 
rubber  pad  was  used  to  wrap  the  pack  weight.  In  order  to  compensate  for  the  weight  of  the 
foam  cushion  {0.8  pound),  holes  were  drilled  in  one  lead  unit  that  was  carried  in  the 
pack.  Figure  4 displays  the  lead  test  load  units  and  the  manner  in  which  they  were 
carrietl. 
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Sundfd  Equipment  Lo«d  ♦ Wumbw  ot  3 */^-lb  T««  UfiiH  ^ Total  Uo«d 


1 p«r  container 

2 per  container 

3 per  container 


Figure  4.  Test  Load  Design. 


3.  Land  Navigation  Performance  Decrement  Test.  Measures  t>l  huinun  performance 
decrement  were  included  ig  this  piloi  study  in  addition  to  the  timed  performance  and 
physiological  data  from  the  MPPC.  The  goal  svas  to  estimate  the  sensitivity  of 
combat -reievatu  performance  to  man-packing  various  loads  in  the  tropics.  A land 
navigation  teaching/practice  session,  to  bring  all  subjects  to  tn  acceptable  level  of 
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(Ktfot malice,  was  lollowccl  by  land  navigatiun  performance  tests  administered  'lefore  and 
.liter  iraviTsinj;  the  portability  course.  Land  navigation,  the  ability  to  use  a compass  and 
estimate  disi.aiHcs  when  reciuired  to  mi>ve  from  one  location  to  another  over  lands,  is  c<i 
essential  skill  taught  to  every  soldier  in  basic  training.  From  a human  perf’onnancc 
me  isiirement  viewpoint,  land  navigation  activity  calls  upon  abilities  in  the  perceptual, 
psychumotoi',  and  cognitive  pcrfornr>ancc  domains.  Thus,  the  ability  to  solve  a problem 
■uul  make  a good  decision  was  studied  in  addition  to  sheer  physical  enduran'  '.  From  the 
\iewpoints  of  both  military  and  measurememt  relevance,  then,  land  navigation  was  chosen 
■IS  a task  through  svhich  performance  decrement  .rdght  be  gauged. 

a.  l..i\out.  ,\  land  nasigatioii  test  was  csiablishcil  near  the  entrance  to  the  MPPC 
111  a combined  opcn/juiiglc  area  requiring  precise  compass  readings  and  distance  estimates. 
The  condensed  eoiiise  was  diffcicnt  from  long  distance  eonvenlionai  land  navigation  or 
“nrieineering”  problems,  in  tliat  it  kept  the  subject  near  the  portability  course  entrance 
area  in  order  to  mininii/.e  latigue  before  traversing  the  .MPPC. 

b.  Procedures  am!  Scoring  System.  A preliminary  session  was  held  to  teach  all 
suiijfits  how  to  use  the  iensaiic  compass.  All  subjects  completed  u set  of  practice 
protiiems  including  "pacing”  to  estimate  distances.  The  test  course  consisted  of  it) 
surveyed  problems;  each  problem  consisted  I'f  four  segments.  As  an  example,  a problem 
IS  sketched  below  in  figure  5.  The  problem  was  posed  for  the  subject  to  follow  a series  of 
given  a/imiiths  and  arrive  at  a specific  point  unknown  to  the  subject.  All  problems 
Started  from  an  origin  post.  The  first  segment  was  in  the  direction  of  one  of  10  stakes 


■Oncoy"  Diici 


Figure  5.  Land  Navigation  Test  Sample  F.vblem. 
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numbiTCcl  from  (‘  t<»  9,  about  20  ineltTs  apart  at  a distance  of  40  to  dO  mctcis  from  tlu- 
oriHin.  From  the  stake,  the  second  senmeiu  pointed  to  a hidden  (visililc  from  o ieei  or 
less)  disc  on  the  ground,  painted  lusteiless  OI).  Kaeh  disc  was  mimliercd  in  black.  'I’he 
third  segment  went  from  the  disc  to  a similar  disc  oit  the  ground.  The  fourth  segment 
vv"nt  into  the  jungle  to  a similar  disc  fastened  to  a tree.  In  each  test  a scorer  went  with 
the  suhjeei.  The  scorer  reeortled  the  lime  it  look  to  go  from  the  origin  post  to  the  last 
disc.  Tiine  started  at  the  origin  post  when  the  subject  started  to  aim  the  compass,  and 
ended  when  the  subject  rear  hed  or  passed  the  last  disc.  On  each  segment,  if  the  subject 
was  in  eiriT,  the  .icorcr  directed  the  subject  to  the  correct  stake  or  disc  prior  to  the  next 
segment.  .\n  aeeurat  y score  was  based  on  the  number  of  coricel  segments.  A time  score 
was  based  on  total  elapsed  time  lor  (he  lai.J  navigation  cmirse.  The  system  was  not 
entirely  satisfactory-  I'rohleins  ar<-  rliseiissed  in  the  results  section  of  this  re|)ort. 

4.  Arm-Hand  Steadiness  Performance  Decrement  Test.  Although  not  a combttt  ;k  tivity 
in  a direct  sense,  arm-band  steadiness  is  a critical  psyebomolor  activity  in  aiming  and 
shooting  a rifle  accurately.  At  the  time  ol  this  jjihjt  study,  an  cyc-safe  laser  rine-fire 
simulator  to  he  u.scd  in  subsequent  studies  had  not  been  received  for  testing.  The 
arm-hand  steadiness,  test,  then,  was  used  as  u substitute  for  directly  measuring  decrement 
in  rillc  fire  act u racy. 

a.  Instnimcntation.  The  instrument  used  was  a modified  nine-hole  steadiness  test 
its  shown  in  figure  6. 


(,  Procedures  jnd  Storinu  System.  The  performance  measured  was  hand  irem<jr. 


The  problem  was  for  the  subject  to  place  a pencil-like  stylus,  held  in  the  left  or  right 
hand,  inti>  a sequence  of  holes  starting  at  No.  1,  the  largest  diameter,  and  ending  at 
No.  9,  the  smallest.  'I’hc  task  was  to  hold  the  stylus  in  the  hole  for  It)  seconds  without 
allowing  the  stylus  to  touch  the  edge  of  the  hole.  The  nine-hole  apparatus  was  made  of 
metal;  each  time  the  stylus  made  contact  with  th<‘  edge  of  the  hole,  an  electric  timer  was 
activated.  During  the  10  seconds  that  the  stylus  was  held  in  each  hole,  the  contact  time 
was  accumulated  on  the  timer.  The  scorer  gave  taped  instructions  to  the  subject, 
controlled  the  time,  recorded  the  contact  time  per  hole,  and  reset  the  timer  between 
boles,  rhe  scorer  also  insured  that  the  subject  kept  his  elbow  away  from  his  side  so  that 
the  sivhis  would  he  held  in  a free-handed  manner. 


IV.  METHOD 


A.  PROCEDURE 

On  each  day  of  a 2-week  icstinn  period,  a group  of  combat  infantry  troops  from  the 
I93d  Infantry  Brigade  (CZ),  Fort  Amador,  Canal  Zone,  was  transported  to  the  MPPC. 
There  were  a total  of  nine  groups  of  mcn—cight  groups  of  five  and  one  group  of  three,  as 
shown  below. 


Distribution  of  43  Soldiers  by  5-Man  Groups 

Control  Twt  Grouot  (Total  Pourtds  Carried! 

Group  25.  2L  2S.  §§. 

5 S & 5 

S 5 3*  5 

* Two  of  tilt  five  tolditrt  provided  were  recovering  from 
recent  injuries  entf  could  not  participate. 


Each  group  was  tested  according  to  the  schedule  in  tablr:  1 , one  group  per  day.  All  men 
carried  the  25  pounds  of  equipment  shown  in  figure  If,  supplemented  by  an  extra  load  of 
0,  10,  20  or  30  pounds— two  groups  per  weight  level.  All  men  in  a group  carried  the  same 
weight.  Additionally,  a control  grtmp  was  tested  according  to  the  same  schedule, 
modified  by  substituting  rest  in  place  of  traversing  the  MPPC.  The  control  group  carried 
no  extra  weight.  The  experimental  and  control  group  order  of  testing  was  randomly 
determined  before  the  2-wcck  test  pcricul  began. 

Table  1.  Sequence  of  Field  Data  Collection 


Tlmt  of  U«v 

Type  of  Data 

0830 

Penonal  Data 

0630 

Initial  Body  Weight  (ttrippad) 

0830 

Initial  Canteen  Weight  (filled) 

0845 

Initial  Arm-Hend  Steedinau 

0900 

Initial  Land  Navigation  Start  Tima 

0920 

Initial  Land  Navigation  Tinte  and  Accuracy 

0930 

MPPC  and  Porced  March  Start  Tima 

1000 

Forced  March  Time 

1030 

Uphill  Run  Time 

1115 

Double-time 

1130 

MPPC  Finlih  Time 

1130 

Final  Arm-Hend  Steadinew 

1146 

Final  Land  Navigation  Start  Time 

1205 

Final  Lwid  Navigitlon  Tima  end  Accuracy 

1220 

Final  Body  Weight  (itripped) 

1220 

Final  Canteen  Weight  (with  remaining  water) 

B.  VARIABLES  AND  STATISTICAL  RATIONALE 

The  background  and  experimental  data  produced  17  variables  for  this  study.  Table  2 
lists  the  variables,  means,  standard  deviations,  and  intercorrelation  coefficients  for  all 
groups  combined. 


The  natures  of  two  of  the  variables  in  table  2 arc  not  evident  from  previous 
discussion.  Variable  4,  General  Ability,  is  a measure  of  academic  ability  derived  from  test 


st'ori-s  IVom  personnel  rtcorcls.  The  score  was  derived  by  averaging  the  verbal  (VE)  and 
arithmetic  ntasoning  (AR)  scores  to  obtain  the  general  technical  (GT)  score  widely  used 
as  a general  mental  ability  indicator.  The  GT  metric  is  the  Army  Standard  Score  that  has 
a mean  of  100  and  standard  deviation  of  20  for  the  Army  population.  The  other  variable 
needing  explanation  is  body  weight  (initial,  variable  5;  final,  variable  6).  Body  weight  loss 
combined  with  the  amount  of  water  consumed  is  a measure  of  sweat  loss  as  a result  of 
traversing  the  MIM‘C.  Sweat  loss  is  an  easily  obtained,  well  accepted  measure  i>f 
physiological  cost  of  human  activity.  Therefore,  for  the  purpose  of  data  analysis,  the 
weight  of  water  in  the  canteen  carried  by  the  soldier  was  added  to  his  body  weight 
obtained  before  traversing  the  MPFC  to  form  initial  body  weight  (variable  5).  The  amount 
of  water  remaining  in  his  canteen  after  traversing  the  MPPC  was  added  to  the  soldier's 
weight  after  the  MPPC  to  form  final  body  weight  (variable  6).  The  difference  between 
Variables  a and  fi  is  weight  loss  by  sweat. 

Table  2.  Summary  Data  and  Intarcorrriation  CoeHiewntt  tor  All  Groupi  Conthirnd  (Pooted  Data! 


V4*i«bfM  Poolvd  OaM*  Initrcorrtttiipn  Co*t4»ci*ntit 


No. 

N»mc 

N 

Mean 

SO 

Unit 

1 

3 

3 

4 6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

1 

Aga 

43 

73  3 

34 

yean 

3 

Rsok 

43 

3 1 

1.0 

E 

Ml 

3 

Tirha  m Cungi  2on« 

43 

10.1 

8.1 

months 

31 

40 : 

4 

apiiirv 

43 

91  2 

|7B 

6$ 

21 

-301 

•2&* 

fi 

Initial  Poav  wgight 

43 

736 

11.6 

*‘9 

33  « 

36 

10 

-17 

6 

Final  t>odv  weight 

43 

72.2 

116 

1*6 

31*^ 

36  « 

08 

-16  991 

V 

. _ 

7 

Initial  land  navigation 

... 

tcora 

43 

2.6 

1 1 

points 

•Ofi 

*23 

03 

19  73 

30 

8 

Final  land  navigation 

i4o'a 

43 

29 

1.3 

points 

09 

■07 

23 

22  321 

3U 

13 

9 

Initial  land  navigation 

tima 

43 

118 

66 

mm 

13 

20 

19 

09  08 

10 

“30  (i 

-06 

10 

Final  land  r ivigation 

titna 

43 

9.3 

4.4 

mm 

13 

13 

03 

10  16 

18 

01 

-11 

so» 

11 

Initial  hand  staadmett 

lima 

43 

10.3 

4.6 

tec 

04 

-08 

11 

■16  -03 

-03 

-21 

■01 

06 

22 

13 

Final  hand  ftvadmttt 

tim« 

43 

10.2 

44 

tec 

09 

01 

17 

-10  -09 

'09 

-23 

-06 

02 

01 

13 

UohiM  run 

38 

61  4 

25.1 

IK 

16 

34 

38t 

14  06 

03 

10 

07 

13 

-09 

-01 

•01 

14 

Ooubit  time 

38 

36.9 

7.9 

tec 

-06 

30 1) 

48t 

16  -07 

-07 

-15 

-26 

19 

-07 

24 

11 

eot 

16 

Forced  march 

6 

37  Q 

4.2 

mm 

04 

16 

16 

09  -04 

•06 

-34 

19 

15 

-02 

18 

26 

33 

10 

16 

Normal  walk 

6 

41  0 

7,7 

min 

13 

01 

~0B 

37  -03 

01 

04 

09 

16 

-14 

-04 

01 

16 

25 

33 

17 

Total  course 

8174.6 

10.4 

mm 

12 

07 

03 

36  -01 

•02 

-07 

17 

21 

-16 

01 

06 

36 

30  68^ 

m 

* Ns  43  «id  38  art  'ndividusls.  Ns  ol  8 «r«  proupi  (7  9roucs  0l  fi.  1 group  of  31- 
t Decimal  art  omitied  Vanebtas  tfi,  16,  17  cafeufaUrd  wtHb  N * 38;  inttfpratfd  with  N 6- 
t Signiticani  at  d * .01 . 

$ Significant  ai  Ol*  .06, 


For  this  pilot  study,  analyses  of  variance  and  covariance  were  performed  using  the 
rationale  described  below.  Exact  ctrvariates  for  specific  analyses  are  shown  in  f.iotnotcs  to 
tables  6 through  11.  In  addition  to  the  usual  analyses  of  covariance  tests,  separate 
analyses  of  linear,  quadratic,  and  cubic  trends  of  adjusted  means  were  performed.  In 
general,  statistical  significance  did  not  occur  except  in  tests  for  zero  slope,  which 
significance  reflected  the  high  correlation  between  covariate  and  criterion  scores. 
Therefore,  summary  data  for  analyses  of  covariance  arc  not  shown,  but  significant  results 
arc  mentioned  in  the  text  for  the  few  instances  where  significance  did  obtain.  Although 
these  pilot  tests  were  not  designed  t«>  yield  definitive  results  statistically,  they  indicated 
that  variability  within  croups  was  typical  and  that  increased  sample  size  in  a larger  study 
would  result  in  statistical  significance.  Estimated  sample  sizes  for  future  studies  arc 
discussed  later  In  this  report. 
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The  rationale'  for  obtaining  initial  and  final  data  (variables  5 
invest ij’ate  decrement  as  a consequence  of  load  carried.  Iri  such  an 


jugh  1 2 ) vs'as  to 
the  final  score  is 


etne  or  more  other 
indent  variable  is  large 
Also,  in  analy/jng 
Itcc  between  grttups,  it  is 
characteristics  such  as  body 


a suitable  dependent  variable,  using  the  initial  score  and 
variables  as  covariates,  providing  that  correlation  with  the 
(rho  = .40),  and  the  within-treatnient  regressions  are  equal  ijj 
Variables  such  as  uphill-run  time  (variable  13)  for  difj 
desirable  t<;  equate,  through  analysis  of  covariance,  sar 
weight  (variable  5)  that  may  he  related  to  the  depenM^  variable,  possible  confounding 
comparisons  among  groups,  rherel'ore,  the  data  ij^^ide  2 were  used  as  a guide  to 
identily  eovariates  lor  antilyses  of  tlifferences  amoD^groups. 

Kxaininaiion  oi  the  intereorrelaiion  cocl'U^^nts  among  the  performance  decrement 
variables  (5  through  12)  in  table  2 showed  ^^^ong-lo-moUerate  relationship  between  the 
initial  and  final  scores  lor  three  <d'  the  f<)^Kcts  of  data:  r=  .99  lor  body  weight,  r=  .68 
for  hand  steadiness  time,  and  r = .50  f<>^Pmd  navigation  time  (r=  .50  was  a function  of 
low  reliability  of  accuracy  measuresl^Kitial  and  finai  land  navigation  accuracy  scores 
were  not  significantly  related.  In  gMnal,  then,  the  initial  scores  shi;wed  a high  entjugh 
relationship  to  final  scores  to  h^meaningful  ;is  cmariates  in  analysing  performance 
decrement  in  future  studies.  MmJ  initial  body  weight  and  acclimatization  (months  in  the 
Canal  Zone),  while  ii>»t  rel;i/cd  to  each  other  (r=.10),  were  moderately  related  to 
performance,  marking  them  as  potentially  useful  covariates  for  all  individual  scores 
(variables  6,  8,  10.  12,  1.3,  and  14).  The  face  validity  of  using  body  weight  and 
acclimatization  us  covariates  is  also  high;  both  variables  have  been  pointed  out  in  studies 
of  human  acilivity  in  hot  climates  as  moderators  of  performance.  Future  investigations 
fur  which  this  study  is  a pilot  will  consider  these  and  other  background  variables,  such  as 
height  and  waist  circumference,  to  serve  as  more  accurate  gauges  of  the  effect  of  body 
f'ic,  or  obesity,  on  performance. 


Cronbich,  L.  J.,  and  Lita  Furby, //ou'  We  Should  Measure  ”Change"—or  Should  We?,  Psychological  Bulletin,  1970. 
V.  74.  No.  I.  p 68-80. 
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V.  RESULTS 

A.  EFFECT  OF  LOAD  ON  TIMED  PERFORMANCE  EVENTS 


Summary  data  for  timed  performance  events  on  the  MPPC  are  fttunti  in  tables  3 
through  7.  Graphs  of  mean  performance  times  (including  adjusted  means  from  analysis  of 
covariance  if  performed)  arc  in  figures  6 through  10.  In  general,  time  to  perform  activities 
increased  with  increasing  load.  As  shown  in  figure  6,  total  time  to  traverse  the 
4 kilometer  (2.5  miles)  course  increased  with  each  10-pound  increase  in  load.  The 
separate  events  that  contributed  to  the  total  course  time  dirplayed  varying  results. 

Table  4 and  figure  7 show  results  for  the  1-milc  forced  march.  The  data  were  erratic 
across  the  load  range.  They  were  influenced  by  differences  in  the  degree  of  competitive 
spirit  of  the  groups.  The  forced  march  is  a long  event  requiring  sustained  extra  effort. 
The  groups,  starting  fresh  and  knowing  that  they  were  being  timed,  were  less  influenced 
during  the  forced  march  by  10-pound  increments  of  load  than  on  any  other  timed  event. 

Data  for  the  normal  w'alk  portions  of  the  MPPC  (about  1.4  miles)  were  more 
inlluenccd  by  load  (than  by  high  competition  and  lack  of  fatigue  as  in  the  forced  march) 
because  of  the  unobtrusive  manner  in  which  the  normal  walk  event  was  timed  and  the 
increased  amount  of  fatigue  from  previous  events.'*  Table  5 and  figure  8 suggest  that  the 
normal  walk  event  would  be  sensitive  to  10-pound  increments  in  load  in  luturc  studies 
with  larger  samples. 

The  individually  timed  events  of  running  up  a hill  for  300  feet  and  double-timing 
for  iOO  feet,  summarised  in  tables  6 and  7 and  figures  9 and  10,  also  suggest  a general 
sen  ilivity  to  load.  Altogether,  the  individual  events  showed  less  response  to  increases  in 
load  from  25  to  45  pounds,  compared  with  a greater  response  to  the  heaviest  load— 55 
pounds.  Ihc  double-time  event  displayed  a consistently  low  variability  within  groups 
because  it  is  within  10  minutes  of  the  end  of  the  course  where  the  cumulative  fatigue 
from  all  previous  activity  tended  to  level  performance.  The  data  for  the  double-time 
event  showed  a statistically  significant  difference  among  load  carrying  groups,  even  with 
the  low  sample  size. 

In  summary,  the  data  on  event  performance  tin^-s  for  men  carrying  loads  indicated 
varying  sensitivity  of  events  to  10-pound  increments  in  load  over  the  25  to  55-pound 
range  studied.  Two  events,  double-timing  and  normal  wa!'"ing,  appeared  to  be  influenced 
at  low  load  levels  by  additions  of  10  pounds.  The  other  timed  events  appeared  to  Bp 
influenced  by  20  or  30  pounds  difference  in  load.  Total  course  time,  reflecting  all  event, 
times,  provided  a good  overall  indication  that  event  performance  time  will  be  a useful 
yardstick  to  gauge  the  effect  of  load  on  human  performance  in  the  tropics.  The  load 
range  should  extend  above  55  pounds  to  determine  at  what  levels  the  more  competitive 
and  active  combat  tasks  (long  forced  march  and  short  distance  running)  are  affected. 


For  a full  diicuition  on  relaliomhipi  among  MPPC  events,  sec  Williamson  and  Kindick,  op  cit. 
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Table  3.  Summary  Data  for  Total  Course  Time 


Total 

Course 

Time 

(Minutesf 


Forced 

March 

Time 

(Minutes) 


Active  Groups  (Pounds  Carried) 


Statistic 

25 

35 

46 

55 

N (groups) 

2 

2 

2 

2 

X (minutes) 

117  0 

120.5 

129.5 

131.5 

a- 

2.1 

7.4 

1.B 

7.4 

25 35 45 55 

Active  Groups  (Pounds  Carried) 

Figure  6.  Mean  Total  Course  Time  from  Table  3. 


Table  4.  Summary  Data  for  Forced  March  Time 


Active  Groups  (Pounds  Carried) 


Statistic 

25 

35 

45 

56 

N (groups) 

2 

2 

2 

2 

X (minutes) 

25.9 

25  1 

31.1 

25.9 

0: 

2.9 

1.3 

1.2 

2.7 

32  — 

31  — 

30  — 

29  — 

28  — 
27  — 

26  — 
25  — 

24  — 


25 36 45 55 

Active  Groups  (Pounds  Carried) 

Figure  7.  Mean  Forced  March  Time  from  Table  4. 
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Table  5.  Summary  Data  for  Nonnal  Walk  Tim* 


Aciiw  Gfoum  (Poundt  Cyriidl 


Statiitic 

2S 

35 

45 

56 

N (group*) 

2 

2 

2 

2 

X (minutM) 

34.3 

saa 

43.5 

47.6 

1.0 

6.7 

1.1 

Normal 

Walk 

Tima 

(Minutts) 


48  — 

46  — 

44  — 

42  — 

40  — 

38  — 

as  — 

34  — 

32  — 


25 35 « 55 

Acti««  Group!  (Pound!  Carriad) 

Figure  8.  Mean  Normal  Walk  Time  from  Table  5. 


Table  6.  Summary  Data  for  Uphill  Run  Time 


Acliva  Gi  •>up!  (Pound!  (^rlad) 


Siatiftic 

25 

35 

45 

55 

N (individuali) 

10 

10 

8 

10 

$(  (•econdil 

53.e 

S5.B 

64.7 

120 

0j( 

6« 

5.6 

13.6 

eo 

Adjusiad  X * 

505 

82.7 

618 

71.0 

Adjuned  Og 

7j6 

8.1 

8.4 

7.7 

* (7Bpendan<  variable  mas  urhill  run  time.  Covariases  mere  initial 
body  weight  and  lime  in  the  Canal  Zone. 


74 

70 

Uphill 

86 

Run 

62 

Tim* 

58 

ISacoml«l 

S4 

SO 

46 

Figure  9. 


26 re 45 56 

Active  Group!  (Pound*  Cerriad( 

Mean  Uphill  Run  Time  from  Table  6. 
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afaia  7.  Summary  Data  for  Poubie-tiine  Time 


Actiw  Groupt  (Pounds  Carried^ 


Siatiitic 

25 

35 

45 

55 

N (individualtl 

10 

10 

8 

10 

X (leconds) 

28.5 

24.5 

28.8 

3?,8 

2.4 

1.4 

3.1 

2.6 

n'^-UStUd  X * 

27.6 

26.9 

27.5 

34.4 

Ad|ustftd  Oj^ 

2.1 

2 3 

2.1 

* Dependent  varit^ble  wvas  dc^'ulc-time  time.  Co^anates  Mere 
initial  body  weight  and  months  in  the  Canal  Zone. 


Double-time 

Time 

(Seconds) 


25 35 45 55 

Active  Groups  (Pounds  Carried) 

Figjre  10.  Mean  DouNe-tima  Time  from  Table  7. 


P.  EKFECr  OF  LOAD  ON  PERFORMANCE  DECREM'.NT 

Four  measures  of  performance  decrement  were  included  in  this  study.  Fiach  was 
obtained  by  recording  an  individual  score  bt>th  before  and  after  the  individual  traversed 
the  MPPC,  using  the  initial  score  as  a covariaic  (along  with  one  or  more  other  scores)  and 
the  final  score  as  the  dependent  varLble— as  fully  explained  previously  in  this  report. 
Summary  data  and  graphs  of  adjusted  and  unadjusted  group  means  are  shown  in  tables  8 
through  11,  and  figures  11  through  14. 

Hand  steadiness  data  in  table  8 and  figure  11  show  no  meaningful  pattern.  The 
degree  of  unsteadiness  (arm-hand  tremor)  is  shown  by  the  ordinate  of  figure  11.  The  four 
active  groups  displayed  an  erratic  pattr'n  that  ra  t both  below  and  above  the  level  of  the 
rest  group.  Measurement  problems,  in  the  form  of  decreased  sensitivity  of  the  steadiness 
test  to  the  rigors  of  the  MPPC,  occurred  because  of  a time  lapse  between  the  end  of  the 
MPPC  and  the  start  of  the  steadiness  test.  The  lime  lapse  created  a physical  rest.  Future 
testing  of  steadiness  (using  the  laser  rifle-fire  simulator  aj  a direct  measure  of  rifle-fire 
accuracy  before  and  after  traversing  the  MPPC)  will  become  a part  of  the  MPPC  inside 
the  jungle.  The  test  soldier  will  fire  the  rifle  under  surprise  att.Ack  (defensive  reaction)  in 
jungle  conditions  and  without  immediately  previous  rest. 

The  land  navigation  (LN)  test  served  as  a valuable  lesson  in  measurement  methods, 
uncovering  problems  to  b~  given  particular  attention  when  revising  the  LN  test  for  use  in 
future  performance  decrement  measurement  programs.  For  the  reasons  explained  below, 
the  data  trends  shown  in  tables  9 and  10,  and  figures  12  a.nd  13,  were  meaningless  except 
for  the  significantly  longer  amount  of  time  that  it  took  for  active  groups  (compared  with  the 
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Tabki  8.  Summary  Date  for  Hand  Stiadintt  Score 


Ratt  Activt  Gfoutw  (Poundi  Carriadl 


Statistic 

Group 

5 

25 

3S 

45 

S5 

N UndividuBltt 

10 

10 

8 

10 

X (saconds) 

It. 31 

8.B5 

9.08 

14.27 

8.76 

Ox 

1.6 

0.9 

1.2 

2.3 

0 J 

Adiustad  X* 

11.49 

9.16 

9.24 

12.90 

9.31 

Ai^usted  <7ji 

1.39 

0.99 

1.05 

1.12 

1.00 

* Dapandant  variabta  «m>  finat  hand  ttaadinen  Kora  (aacondt  noT  staadyl. 
Covatiatn  wara  ini'ial  hand  iteadinatt  score,  initial  body  tweight,  and 
months  in  the  Canal  Zorta. 


15 

— 

14 

Final 

13 

— 

Hand  Stead  ineo 

12 

— 

Score 

11 

— 

(Sacortds  not  Staady) 

10 

— 

9 

8 


Rest  25  35  45 K 

Group  Aetiva  Groups  (Pounds  Carriad) 


Figure  1 1.  Mean  Hand  Steadiness  Score  from  Table  8. 


Table  9.  Summary  Data  for  Land  Nwtgation  Accuracy 


Hast  Actiua  Groups  (Pounds  Carried) 


Statintc 

Group 

25 

35 

45 

55 

N (indhridualsl 

5 

10 

10 

8 

10 

X (pointsi 

2.20 

2.60 

2.90 

288 

3.40 

«'x 

0.37 

0.58 

0.43 

0.40 

0.2  V 

Adiustad  X’ 

2.14 

2.65 

2.92 

3.06 

3.21 

Adiustad  Oji 

0.59 

0.40 

0.43 

0.45 

0.40 

* Dependent  variable  was  final  land  navigation  score.  Covariates  were  initial 
land  navigation  score,  initial  body  weight,  and  months  in  the  Canal  Zone. 


3.4 

3.2 

Final 

3.0 

Land  Navigation 

2.8 

Accuracy 

2.6 

(Points) 

2.4 

2.2 

2.0 

Figure  12.  Mean  Land  Navigation  Accuracy  from  Table  9. 
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Tifcte  10.  Summary  Data  for  Land  Nwigation  Time 


R#it  Activt  Group*  (PoufKtt  Carried) 


Siaiisiic 

Group 

25 

35 

45 

55 

N (indhhchjalsl 

5 

10 

8 

10 

X (seconds) 

5.1B 

7.72 

11  93 

11.88 

8.38 

0.44 

0.77 

1.S7 

2.10 

0.70 

Adjusted  X* 

6.03 

8.1B 

12.17 

11.14 

7.84 

Adjusted  0- 

1 61 

1.13 

1.19 

1 26 

t.14 

* Dependent  variabte  Mas  final  land  navigation  time.  Covariates  Mere  initial 
land  navigation  time,  initial  bod/  weight,  and  months  in  the  Canal  Zof^e- 


Figure  13.  Mean  Land  Navigation  Time  from  Table  10. 


TiMe  11.  Swnmwy  P»t»  for  Body  Weight 


Httt  Activ  Group*  IPoundi  Cwri»d| 


Statin  ic 

Gtoup 

2S 

35 

45 

55 

N (individuals) 

5 

10 

10 

8 

10 

X (kg) 

77.31 

72.71 

66.70 

68.79 

77.23 

Oj 

3.96 

1.46 

4£5 

3.94 

7.7S 

Adiuited  X* 

73.58 

71.86 

7184 

71.66 

72.52 

Adjusted  Oj 

0.61 

0.43 

0.46 

0.49 

0.44 

* Initial  body  wnight  la  covariata  along  with  nwmht  in  tht  Canal  Zone) 
included  weight  of  water  carried  in  two  canicerw;  fine)  body  yyeight 
(dependent  variable)  included  weight  of  water  not  confumed:  the  diftertnce 
was  loa  ol  weighi  through  tweai. 


80 
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78 

— 

Final 

76 

— 
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74 
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72 

— 

(IcilogramsI 

70 

— 

68 

— 

66 

64 

— 

Figure  14.  Mear  Body  Weight  from  Table  1 1. 
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rest  ^roup)  to  complete  the  lA'  test.  One  I A measurement  problem  was  that  accuracy  in 
completing  one  segment  of  an  LN  proiiiem  could  depemi  upon  the  accuracy  of  a previous 
segment.  To  rliminuie  error-accumulation,  the  scorer  ti>ok  the  lest  soldier  to  the  correct 
|)oint  after  an  error  was  recorded.  Time  keeping  adjustments  and  test-subject,  test-sc4>rer 
interaction  distracted  from  the  realism  of  the  lA  tasks  and  increased  measurement  error. 
In  addition  the  iA  test,  with  a mean  of  three  points  <}ut  of  a possible  four  and  a 
standard  deviation  of  one  point,  did  not  challenge  soldiers  with  high  amounts  of 
experience  and  abilitv.  Goals  for  future  lA  test  design  are  to  increase  the  number  and 
diffieultv  of  lA  protilems.  and  to  dcvebip  a test  pattern  that  will  allow  each  segment  of  an 
lA  problem  to  be  scored  independently  from  the  degree  of  accuracy  of  previous 
segments  of  the  problem;  while  at  the  same  time  eliminating  suhjeci/timer  interaction,  so 
that  the  soldier  will  be  completely  alone  tt»  set  his  own  pace  throughout  the  duration  of 
the  test. 

Body  weight  data  and  graphs  .uc  shown  in  table  1 1 and  figure  14,  respectively.  As 
explained  previously  in  this  report,  differences  in  adjusted  final  body  weight  denote 
differences  tn  amount  of  sweat  lost  while  traversing  the  course-  a gauge  ftjr  comparing 
physiological  costs  among  grttiips  tested.  The  httdy  weight-h>ss  data  were  definitive  in  one 
respect.  The  rest  group  lost  significantly  (.()5>p>.01)  less  weight  than  the  tomhinctl 
active  groups,  .\mong  the  active  groups,  neither  the  data  mtr  the  graphs  suggested  that 
there  were  differences  in  sweat  loss.  The  MPPC  activities  were  self-paced  and  look  more 
time  to  complete  as  the  loads  increased,  with  sweat  loss  at  ahtmt  the  same  level 
throughout  the  load  range  studied.  .Ambient  temperature  and  humidity  levels  were  about 
the  same  throughout  testing  for  all  groups  (85°F/70%  RH  with  small  random  fluctuations). 

C.  ES TlMA't  RD  SAMPLE  SIZES  FOR  FUTURF.  STUDIES 

The  timed  pcrftirmancc  event  procedures  and  data  w'ere  sufficiently  sensitive  and 
reliable  for  calculating  sample  sizes  necessary  to  produce  positive  conclusions  in  future 
studies.  Performance  decrement  measurements  in  future  studies  will  be  based  on  laser 
rifle-fire  simulator  accuracy  and  a completely  revised  land  navigation  test,  lor  which 
adequate  sample  size  cannot  be  determined  using  the  data  of  this  study.  Because 
physiological  cost  is  rcciuded  for  information  and  safety  purposes  only,  sweat  loss  data 
were  not  considered  an  appropriate  determining  factor  for  calculating  future  sample-size 
requirements. 

Table  12  shows  estimated  sample  sizes  needed  for  future  studies,  based  on  the  five 
timed  performance  events  of  the  MPPC.  The  tabled  values  of  “d"  and  “o”  were  selected 
on  the  basis  of  the  data  of  this  pilot  study.  In  general,  d was  set  to  the  average  difference 
between  load  carrying  groups  observed  in  the  pilot  study;  the  value  of  o was  based  on 
the  pilot  study  data,  subjectively  modified  to  represent  the  maximum  standard  deviation 
expected  in  a larger  scale  study;  the  value  of  a was  set  at  the  conventional  .05 -level  of 
significance;  the  value  of  p was  based  on  a desired  power  ul  not  less  than  .67,  as  defined 
in  a table  12  footnote. 
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Tabte  12.  Estimated  Sample  Sizes  Required  for  Future  Invwtigations 


Set^ted  0€Xttminm\B  V>*ucs* Raquiredt 


Event 

d 

O 

a 

N 

Uphill  Run 

ISuc 

25iec 

05 

.33 

32  individuaU 

Double  Time 

Stec 

7 tec 

05 

.33 

23  individuBis 

Forced  Mavch 

3 mm 

3 nun 

.05 

.33 

12  groups 

Normal  Walk 

5 min 

5 min 

.05 

.33 

1 2 groups 

Total  Time 

8 mm 

7 mm 

05 

.33 

0 groups 

* d - Difference  uetwveen  mean  values  destred  to  detect. 

(I  - Estimate  of  (H>pulaifcn  standard  deviation,  assumed  equel  for  alt  load- 
carrying  levels. 

Oi  - Level  of  signifrcarKe,  ^r  nsh  of  dectdmg  that  d is  real  when  •to  difference 
exists  in  The  populatrcn. 

1-f*ower.  or  risk  of  deciding  that  d = 0 when  a difference  exists  in  the 
population. 

f N ' Number  of  data  points  required  at  each  load  carrying  level. 

N ' where  Z is  the  percentile  value  of  the  standard  normal  curve. 

Ihc  sample-ii/.e  talculation>i  indicalcd  that  a minimum  of  12  groups,  totaling  S2 
individuals,  should  he  used  for  each  load  carrying  level  within  the  load  range  studied  to 
produce  positive  conclusions  about  differences  among  mean  performance  event  times. 
Because  it  is  statistically  efficient  to  use  an  equal  number  of  persons  per  group,  future 
studies  mav  include  cither  12  groups  of  three  individuals  each,  or  16  groups  of  two 
individuals  each,  to  mcci  the  requiremenis  of  the  sample-si/.c  analysis.  “Groups”  of  one 
individual  each  cannot  be  considered  because  one-man  jungle  patrols  are  contrary  lO 
military  practice. 


Source:  Lev*  J.,  and  Helen  M-  Walker*  Stntistical  infcrttKe,  Holt,  Rinehan  and  Wincton,  New  York.  1353. 

28 


APPENDICES 


APPENDIX  A.  REFERENCES 

1.  McGinnis,  J.  M.,  J.  T.  Tambe,  and  R.  F.  Goldman,  Bark  racking  the  Davy  Crockett 
V/eapon  System:  Effect  of  Carrying  Very  Heavy  Loais,  Technical  Report  EPT-1,  US 
Army  Natick  Laboratories,  Natick,  MA,  March  1965. 

2.  Kolnicker,  N.,  and  M N.  Tolcctt,  A Survev  of  the  Effects  of  Load-Carrying  and 
Equipment  Design  upon  Tasks  Performed  by  the  Combat  Infantryman,  Dunlop  and 
Associates,  Inc.,  Stamford,  CT,  for  the  Army  Research  Office,  November  1962. 

3.  Kennedy,  S.  J.,  R.  G.  Gcrldman,  and  J.  Slauion,  The  Carrying  of  Loads  within  an 
Infantry  Company,  Tcchrrical  Report  73-5 1 -CR,  US  Army  Natick  Laboratories, 
Natick,  M A,  May  1973. 

4.  Williamson,  R.  L.,  and  C.  M.  Kindick,  Human  Performance  in  the  Tropics  1: 
Man-packirg  a Standard  Load  Over  a Typical  Jungle  Course  in  the  Wet  and  Dry 
Seasons,  USATTC  Technical  Report  No.  7409002,  September  1974. 

5.  Test  Operations  Procedure  (TOP)  1-3-550,  Man-pack  Portability  Testing  in  the 
Tropics,  US  Army  Test  and  Evaluation  Command  (Draft),  January  1973. 

6.  Dobbins,  D.  A.,  and  G.  F.  Downs  III,  Laboratory  versus  Field  Tests:  A Limited 
Survey  of  Materials  Deterioration  Studies,  USATTC  Report  No.  7307002,  July 
19V3. 

7.  Croribach,  L.  J.,  and  Lita  Furby,  How  Vie  Should  Measure  "Change’ —or  Should 
Wei  Psychological  Bulletin,  1970,  V.  74,  No.  1,  p 68—80. 

8.  Lev,  J.,  and  Helen  M.  Walker,  Statistical  Inference,  Holt,  Rinehart  and  Winston,  New 
York.  1953. 


A-1 


APPENDIX  B.  DISTRIBUTION  LIST 


TKCOM  PROJECT  NO.  7 CO  Il.t>  I IT  001 


Addrcssrc 


KimU 

Report 


Adiimtec 


Finul 

Report 


Oirmnaiuier  10 

I'S  Armv  Tost  and  Kvatiiation  (iommaiid 
ATTN:  AMSTE-ME 

.\t»«Tdrcn  Proving  Cirouitd,  MI) 

Commander 

US  Army  Materiel  nrveIoprm*m 
and  Readiness  Command 

ATTN:  DRCRD 1 1 

DRCSC  1 

DRCRUTU  I 

5001  Eisonhi  wer  Avrnuo 
Ak?:andru.  VA  223!t3 

ilQDA 

AlTN:  DAMA-ZA  I 

UAMA  A?,/  n I 

WashinKlim,  DC  20310 

.‘Vsuttani  Secretary  of  the  Army  (R&:U)  I 

ATTNi.  Dr.  Emerson 
WashinKioin  DC  20310 

KQ,  Office,  Chief  of  EnpiKers  1 

ATTN:  Mr.  Kreipke 

Forreital  Rldg 
Washinitton,  DC  20514 

Odef  of  Naval  Res'.'arth  1 

WashinKUm,  D(*  20914 

Smithsonian  Institution  I 

Office  uf  the  Assistant  Stennary  for  Science  (SI  114) 
lOOO  Jefferson  Drive,  SW 
Washington,  DC  20560 


Institute  for  Applied  Tedmology 
National  Bureau  of  Stamiard^ 

Washington,  DC  20234 

Associate  for  Documentation  &;  Accession 
Psychological  Abstracts 
American  Psychological  Association 
1200  Seventeenth  Street,  NW 
Washington,  DC  20Q36 

Commander 

US  Army  Arctic  Test  Center 
ATTN:  STEAL-OP-ru 

APO  Seattle  98733 

President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  AL  3fi360 

Environmental  Information  Division 
Bldg  754 

Maxwell  AFB,  AL  36112 
Commander 

US  Army  Electronic  Proving  C<round 
ATTN;  STEEP  MT-1 
Fort  Huachuca,  AZ  8561 3 


1 


Commander 

US  Army  Vuma  Proving  Ground 
AITN  STEYPMMI 
Voma,  A/  H5364 

C^ommander 

US  Army  Combat  Developments 
Experimentation  Command 
ATTN:  ATEC.P-A 

Fort  Ord,  CA  93941 

Commander 

Naval  Tiaming  Equipment  Center 
Orlando.  FL  328 IH 

pTesideni 

IIS  Army  Infantry  Hoard 
Fort  Henning  GA  31905 

Corim.andet 

US  Army  Armament  (.lommand 
Rock  Island.  IL  61201 

President 

US  Army  Armor  ^ Etiginvcr  Board 
Fort  Knox,  KY  10121 

Chief 

US  Army  Research  Ins!  Human  Resetrch  Unit 
ATTN:  PEKMK 

Fort  Knox,  KY  40121 

Commander 

US  Army  Natick  l.ahnratories 

ATI'N:  Engineering  Psychology  Division 

Natick,  MA  01760 

TRADOC  Liaison  orficcr 
HQ,  TECUM 

Aberdeen  Proving  Ground.  MD  21005 
Director 

US  Army  Ballistic  Research  Labs 
AITN:  AMXBR‘XALB 

Bldg  305 

Aberdeen  Proving  Ground,  MD  21005 
Director 

US  Army  Human  Engineering  Laburaiory 
ATTN:  .\MXHE 

Aberdeen  Proving  Ground,  MD  21005 
Director 

US  Army  Materiel  Systems  A.nalysis  Activity 

ATTN:  AMXSY-UA 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Aimy  Tank*/,  uiomotive  Command 
Warren.  MI  48090 


B l 


p 


j 


\ 


Final 

Addr.ss.t  


1 

Dim  tor 

US  Army  Waterways  F.xprnmcm  Statum 
ATTN:  Tech  l.ibran 

VU'ksbufKt  MS  39180 

2 

I'rfiidnit 

l!S  Army  A irtiorm-,  CiiinnmniLalicmi 
S.  hUittiiiit !>  Biurd 
.vn\:  S'l-.BC-TU 

l ull  M-  -Hlill' 

rnnimandcf 

US  Army  Rf^tarch  Offitr 

ATTN:  Itiformatiun  Procrssing  Office 

PO  Box  1 2'’ 11 

Ri-srarrh  Iriauglc  Park,  NO  27  709 
C'.iimmaudtT 

US  Army  Kleciruiiics  Command 
Fort  Monmouih,  N|  0770S 

OommandiT 

US  Army  Pitaliimy  Arsenal 
,Vn'N:  SARPA-VEF. 

nover,  N,1  07801 

('.ommandtr 

US  Army  White  Sands  Missile  Range 
ATTN;  STKWS  I K 
While  Sands,  NM  88002 

Presideiii 

US  Army  Field  Artillery  Board 
AI'TN;  ATZRBlirr) 

Fort  Sill.  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN;  AWRD 
Warminster.  PA  18974 

Commander 
IIQ,  MASSTER 
ATTN;  ATMAS-OP 
Fort  Hood,  fX  7S544 

Commander 

US  Army  Dugway  Proving  Citound 
ATTN;  STKDH-Teih  Dir 
Dugway,  UT  84022 

Administrator 

IX-fcnse  Documentation  Center 
ATTN;  DDCr 
Alexandria.  VA  22314 

Director 

US  Army  Research  Institute  for  the 
Bchavinral  and  Social  Sciences 
Reference  Service 
1300  Wilson  Blvd 
Arlinglon.  VA  22209 


Final 

Addressee  


Commander 

US  Army  Operational  Test  8c  hvaluaiion  Agency 
ATTN;  DACS-TEO-N 
5600  Columbia  Pike 
Falls  Church.  VA  22041 

Commandant 

US  Army  Engineer  School 

Fort  Belvoir.  VA  22060 

Commander 

US  Army  Engineer  Topographu:  Laboratories 
ATTN:  ETET7SL 

Fort  Belvoir,  VA  220f)0 

Commander 

US  Army  Troop  Support  Command 
Mobility  Equipment  RlfcU  Crnlei 
Fort  Belvoir,  VA  22060 

Commander 

193d  Infantry  Brigade  (CZ) 

.ATTN;  AFZUOP 
Fort  Amador,  CZ 

Commander 

US  Army  Tropic  Test  Center 
ATTN:  STETC-TD 

STEIUTDO 

steit;td-t 

STETC-MO  (Tech  Lib) 

STET'C-MO  (Ed  Rm) 

APO  New  York  09827 


B-2 


